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METAL-MINE FIRES AND VENTILaTiIon! 
Ry D. Harrington 

Metal-mine fires in the United States are not of frequent occurrence and 
telatively few of those tnat do occur result in loss of life, although meny . 
cause neavy proverty loss or are coatly to extinguish... Over a span of years, a 
however, more lives are lost in metal mines from fires than from any other of 
the untorard occurrences which afflict metal mining, such as electrical storms, 
floods, cave-ins, masazine =xplosions, or strikes. In perhaps more than 90 
per cent of the fires in metal mines there is no loss of -life; hence, the 
general nublic, even the eéneral mining pub) ic, seldom hears of these fires, 
thourh the property loss’ ‘frequently reaches hundreds of thousands of dollars; 
on the other hand, in some instances the pronerty damage from an underground 
tetal-mine fire has been nezlizible and the loss of life comparatively high. 


In any comvrehéngive study of metal—-mine fires, ventilation is certain 
to be found a-vital factor. The influcnce of ventilation on fires and the in- : | 
fluence of fires on ventilation are of vital importance. In metal-mine fires — 
very few nersons meet death fro. actual contact with, heat or flame; nearly all 
fatalities are due to asphyxiation or suff oce.tion,. A well-planned, vell- | 
installed, and well-operzted mechanical ventil ation system is unquestionably 
one of the tost availatle present-day protections from loss of life and proper- 
ty in case of firs in a metal mine; that this is true is attested by the meet 
helplessness of minir= cflicials in trying to handle underground fires in a 
tine that has not hac ch2 foresight to install mechanical. equipment to sontacl 
underground air flow. On the other hand, the establishment of high-velocity 
air currents without suiricient day by day attention to such details as the 
method cf coursing, or controlling, or confining them most certainly tends to 
increase dengers from fires rather than to aid in. the avoidance or elimination 
of these dangers; the truth of this latter statement is shown by the fact that 
the greatest loss of life in metal-mine fires during the past 20 years has 
been in: relatively well-ventilated workings, and in .every case the life loss 
has been due to some more or loss ‘trivial or easily. remedied defect in the 
ventilating system —- usually a defect that has had sono reference to doors 
Used or Supposed: to be used to deflect. or control air nonEPEyes 


I the Sureau of Mines will relcome ‘eprinting of this 3 paper, provided the | 
following footnote acknowledgment is used: puoaninted: ‘from U. S. Bureau — 
of wines Information Circular 6678." 

¢ Read before the Mining Section, National Safety Guinea, Washington, D. Ces 
october 4, 1932, 

¢ Chief engineer, safety division, U. S. Bureau of Mines. 
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In a study of loss of life in metal-mine fires in the united States it 
apoears that in the period 1916-1922, inclusive, apvrozimetely 240 lives 
were lost tnrouzn fires, but since 1922 only aworoximately 2O »nersons “eve 
been killed from tk>t cause. as fer as can be ascertained from evaileble 
records, aporoninvately 600 lives have been lost in metal-mine fires in the 
United States to date, Tnis does not ap rear to be @ very iinoressive total 
until one realizes that in one of tnese fires 163 lives were snuffed out, 
in another 47, and in anotuer cl, aud that these three fires vith relatively 
heavy individual life loss all nave ocevrred vituin the past 17 years. In 
addition, the Hollinger golc mine in Ontario vitl. undergrounc operating 
conditions and practices sisilar to tcose of wetal mines in the United Stetes 
lost. 3S lives in en uncerground fire in 1928, keeping to the front tne fact 
that our metal-minin;: peoole still nave a heavy hazerd from fires even tiough 
they cave caused the loss of relatively fer lives in the United States since 
1922, Sade 


Few ining companies, coal or waetal, care to Aas 7) “the facts connected 
7ith fires or with any. kind of eccidents at their properties: hence, available 
information is meager, not only as to the nuuber of fires but also tue condi- 
tions ‘WhAek caused tne fires or uncer mich they were extingvisi.ed or ot.er- 
wise controlled. The. forces of tne safety division of the Bureau of i:ines 
for over 20 years have been:on the alert to obtain data about all kinds of 
accidents in mining, and these include fires or e:plosions. Durin,: recent 
years tue field -men of. the sefety division nave annually been present ator: 
shortly afterrerds visited the scene of about 35 explosions and 25 fires in 
mines, & few of the explosions and about one-foirth of the fires bein; at 
etal mines; novever, there is g00d reason to believe that at least 100 fires 
occur annually in tne metal mines of the Eaeeed, States when toese mines are 
operating at even moderate capacity, 


Gasuec ticnseky ie aogt. aanoerous aeueey of the fire hazard at metal 
mines is the far too prevalent icea anon; metal-mining people taat tneir 
particilar mine is not subject to fire, thet there is virtually nothin, in 
the imine wuicin could burn, tz#zt the product mined is incombustible, or tne 
mine is too vet for a fire to et a start; tiese and dozens of otner equally 
falacious reasons are jiven for not expending any considerable amount of time 
or funds or effort in.,safeguarding azeinst fires or for not providins for the 
handlin;, of one:.if it,.shouvld occur, as &@ matter of incontestible fect there 
are fev unéer,,reund mines in the Jnited States wiich are not subject to 
numerous fire hazards; precticelly all underground mines (coal, metal, or 
nonmetallic) have combustible material im them such as. timber,. exolosives, 
oil or gesoline, insvlated electrical. wiring or equipuent, or similar materials 
the burning of very small quantities. of. wuica underground .can easily resvlt in 
many deaths: and in addition some metal mines have combustible snales or 
pyritic ores wiiich may fire spontaneously, or have explosive gas, anc far 
too many have flammable surface-:structures or heavy grovths of dry grass or 
shrubs so near the entrance that if fired. they would be likely to send 
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wisonous gases into the mine and endanger the lives of al] undersround. In 
allition to the. fact that practically all underground mines have in them 
amlé ‘combustible material to cause heavy loss of life in case of fire, 
practically all underground metal cr nonmetallic minéral mines have in them 
muterous Nossible sources of isnition such as epon lights and smolting, ovon- 
arcing types of electrical apparatus, and, in some mines, gasoline or other 
internal-combustion ongines, blow torches, and other eas! or. equipment 
rath give off flames. . 


In a study of the source of more than 109 metal-mine fires which occurred 
inthe United States »rior to 1922 it was found that about 35 per cent rere 
caused by ismition of timber by candles, about: 10 per cent were from using 
heat to Warm oil or exnlosives or for some similar wurpose, about 10 per cent 
fron flame or gases sent underground from burning surface structures, about 
‘vercent from. srontaneous combustion (from timber splinters or bark, stored 
"a7 or manure, carbonaceous snales, pyritic ores, oily waste against timber, 
cic.) about 7 per ceat. from electricity, about 3 per cent from explosives, 
tout 3 per cent from carbide lights against timber, and about 20 ver cent 
from unknown or miscellaneous causes including incendiarism, lightninz, etc. 

' In the foregoing it will be noted that open flames - including lizhted 

candles, carbide and oi] lamns, and fires for heatine and othor purposes - 
rere resnonsible for at ‘least 58 per cent of these wncerground fires, . 
electricity ' for but about 7 per cent, and tha svonteneous ‘combustion, explo- 
Sives, aid. unknown causes accounted | for the other 35 per cent. © 


In a study of a considerable number of metal-mine fircs in a certain 
very active ‘and: progressive. metal—~mining section of the United States in 
"hich scores. of. fires had occurred, it was Icund that these which were dated 
tefore'1917 were. caused about as follows: | 50 per cent by candles and oil 
lams, 2 per cent by. carbide lights, 10 per cent by heating or other fires, 
‘per cent by electri ciby, 4 per cent bv smoking, and the romaining 30 per 

cent by unlmown for mis.llaneous agencies such as lightning, use of explo- 
: Sives, snonteaneous combust ion, friction, etc. Here again open flames of 
various kinds caused at. ic agt 66 per cent of the fires, while electricity 
cused but 4 per cent. Data were at hand‘on a larger number -of mine fires 
in this. region subsequent | to 1917 than those above’described.for the. period 
17 to 1917, and. the causes were essentially as follows:. Electricity 40 per 
Cent, carbide lamps: 10. ver cent, _ Open fires for heating and other. nurvoses 
12 per cent, smoking 11 per cent, and welding torches 4 per cent; the re- 
taining: 23 per cent were unknown and’ miscellaneous: causes such as spontan- 
eous combustion, lightning, friction, etc. The above data cover more 

‘aan 100 metal-mine. fires. in one metal-mining region with conditions which 
tight | be intervreted :as : against rather than in favor of easy or frequent 
‘ccurrence of firass, the cost of ‘fire fighting has teen enormous in this 

| region, though loss of life. has. ‘been relatively slight, It is significant 
oud with the. virtual disapyearance of ‘the candle: from the mines about. 1916, 
The vercentage of fires caused by the miner's light dropped from about. oe 
rer ce.t in the period before 1917 to about 10 per cent in the period sub- 
sequent to 1°17, though the nercentage caused by carbide lights rose from 
< Der cent for the veriod before 1917 to 10 per cent for that after 1917. 


od 


co 


Se, 


Google 


I.C. 607€ 


Perhaps, uovever, the most significant trend sliown in these figures is tuet 
indicating that fires of electrical origin rose from about.4 per cent of 
those wi:icl. occurred before 1517 to 40 per cent, (or a tenfold increase) for 
the years 1617 to date: nere it may be vell to state that a considerably 
¢reater number of fires were studied in the letter tuan in “ne former period. 


An etteupt vas made in one seas ‘on more than 100 etaieaive fires to 
locate txe particular part of tke wine iu tiich the fires started. It ras 
found tust ebout 20 ver cent started in the shaft and tuet in some cases the 
shaft was dap to vet; sligautly less than 20 per cent started in a suaft, 
pump, or similar underground: station and in at:least half of the cases these 
places rere demp to very vets about’ 25 per cent started in timbered drifts 
or crosscuts; about 12 per cent in stopes; about 10 per cent in ore or ee 
chutes; about 43 per cent in raises; about 3 per cent in explosives magazines 
and about 3 per cent in surface structures; the remaining 4 per cent nad cei 
origin in miscellaneous places such as mule barns, caved regions, etc. The 
fact that this particuler study in which over 100 fires were involved showed 
that about 40 per cent were startea in snafts or in siaft or pump stations 
ives a definite indication as to the advisable points at which the most 
definite fire preventive precautions should be taken; it is also significant 
that approximately 65 per cent of the fires in tuis region started in shafts, 
shaft or otcer stations, and drifts and crosscuts, all of wich should be 
readily accessible for inspection purposes as.vell as for the anplication of 
fire-preventicn installations and practices; in other. words, it would avvear 
that insvection and sunervision vere inadequate in the wines teat oad these 
fires. i 

Tie latest ‘agai letle Sate, Aeaieate that between. 40 and 40 per cent of 
nresent-—day wetal-mine fires ove their origin | to electricity. Tunis percent- 
aze is likely to increase with the videning use of electric locouotives, 
pions, and other eouipwent, ss tell as with the repid. tuniroduction of 
electrically operated hoists, blover fans, sluscers, drills and like equip- 
ment into stopes and other face regions in the mechanization of our wines. 
This would indicate that utmost care snorld be ez:ercised in the selection, 
installation, and use of electricity _ uncerground, -. and certainly ail 
electrical installations sho:ld be kept under the closest scrutiny and in 
the best of. repair at all times. It seeus also to. be established that be- 
tween 40 and 40 per cent of present-day fires in metal mines: are due to 
smoking end to the use of carbide lights and other open fires‘or flaines for 
various purposes; tiis seems utterly needless, and it is inconceivable that 
our metal-mining peovle snould continue to take the "long charices" of the 
probable heevy Joes of life or «t least of proverty by rires started by 
open-light lamps, snokin;:, or use of open flame for any reason, Waere there 
are readily available far safer and far more efficient portable electric 
lamos for miners. smoking is utt erly unnecessary and utterly reprehensible 
in a mine, and there is little or no necessity for heving or for allowing 
open flame of any kind in any mine for heating, thawing, or for any other 
purnose except that possibdly under some conditions and for limited periods 
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a blow torch or an electric or’ acetylene welding avnaratus may be used safely 
if reasonable precautions | are taken.:. Evidently at least three~fourths of our 
metal-mine fires-are now started. ty electricity, open lights, smoking, | ‘and 
flame used for ‘heating or other purposes underground; this fact should indi- 
cate what precautions may be taken to avoid most of the vresent-day fires. in 
mtal mines. Many fires start just after the working shift leaves the mine; 
hence, it is important to have a fire patrol during nonworking periods and at 
least for the first hour or tio after the working shift. 


Below is a brief sonal oe the cause 2 of several relatively recent | 
netal-nine fires? : 


1. Some oné, either on one of the levels or = coming un in the Cage, 
threw a lichted cigarette butt aney. au this started a fire. 


22. Timber in an unde ground shaft gave _— breniciae the électric wires 
that were in the sha. t; as the staft was) lene ary; the timber was ignited by 
the wires. ‘ 7 3 7 —_— 


5. .A miner or some other person seine off shift threw a lighted piece 
of vaper down a chute to see how mach ore was in the caer A fire resulted. 


4. A fire was xtarted close to the fan motor on one side of a ‘shaft 
Station by contact tubween a miner's carbide cap lerp and canvas tubing 
taking air from the fan to the raise-‘where miners were at work. 


5. A fire was ‘caused by contact of an overheated PIcenCescent electric- 
light globe with some "dope" used for a belt. 


6. A match, presumably thrown by a smoker, started a fire in a station 
close to a timber shaft. ; 


7 <& fire was caused by a spark from a short circuit in the hinge on a 
knife-type trolley switch. 


8. A pumpman, burning newsnaners on a concrete floor in & pump room, 
set fire to adjacent timber in a mine. . 


9, The bark on a timber cap piece ras fired, probably by cane in 
contact with a lighted carbide lamp on a miner 's CaP. 


10. A candle used for illumination was left burning ey a miner and . 
Caused. mane 


ly. The contact of a trolley wire with the cap of a sees ‘ot of timber 
in a wet drift, which was being crushed,’ caused a smoldering ‘fire which gave 
off considerable volumes of dense smoke. 
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12. Carhonaceous shale which throws off methane was encourtered ina 
shaft suk. in driving a tunnel for the water system in a big city. The 
shaft wes so wet that the workers had to use rubber bocts,. slickers, rubber 
cans, and hats. The wethsene was ignited by an open Light “nq the resulting 
fieames ceme ‘in contact with timber; notwithstanding the fect thot water wns 
pounine at the shaft, the tinbez was ignited and burned triskly. 


13.- .-Pire.¢ “18 aeagees by the contect of electric wires with Le By 2 
Men ker. Seabeuis due to cefective insulstion. 


| 14. A’ smell transforner and a startin,’ compens sator ran hot , setting 
fire to a wocden frame, which wus rurning when the fire was discovered. 


15. Men were using en ncetylene torch in a pocket of the shaft stntion. 
and went away. Later on fire was found. 


16. One rerort- seid: “It did not seem possible that a fire could occur 
in this sheft. The timber burned, and the mine is wet." The fire wes ceused 
by a shert circuit in the electric-power cable. 

17. A fire was caused by an overheated resistance on cone of the 
electric tugzers used for slushing cre. 


1B. Fire wes found in e raise 80 feet telcw the 3)0-foot level at @ 
point where spent carbide was thrown. 


19. Lighted r engaax wr? aE Tnes thrown into e chute in ac cone raale how 
much dirt was left caused a fire. me 


,éG.. Sparks. from a 
on the surface. Het emb 
it out. 


railroead locometive set fire to the wenden headfreme | 
ers from the heedfrane fell into the shaft and burned 


2. The cpen *lere of the lamp of a man she was recovering some tools 
that he hac nid in a place where tiere wes scme dry lagging prebibly came in 
contact with timber anc was the cause of a costly shaft fire. 

22. It was determined that a shaft fire was sturted by a careless! 
n cigarette, although there wes a "no smoking” rule in the mine at the. 


throw 
time. Very frequently the "no smcking" rule suprosedly in effect in and 

around inines is most flagrantly violated by the mire foreman or the shift 
toss, aoe is ee td a tee., er MA aie woh * ’ ; . . 


f o 78 . ee e- 


£5. Fire was caused when the rope cn a slore ran against the beering _ 
on a roller and heated the oil that was in. the roller hearing. The burning: 
oil set fire to the nearby ties, causing a costly and destructive fire. - 
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24. A lighted carbide lamp whicn a povderman placed on a shelf under 

a larre fuse box started a fire by igniting the paver between the boards. 
£9. A troiley wire hid fallen, ound not be ing sufficiently grounded to 
operajte the circuit brerrer at the shart, it heated, caused the insulstion 
on the feeder wire to burn, and started a fire in tne shafts: + In a number of 

instances trolley wires have been down, set fire to cables, cr set fire to 
catle. insulation which carried the flene some distance to timber and caused 
ets S | 


“4 
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£6. A match or burning tobacco froma nipe ‘sterted o fire.» 

27. Current was left on tne controller of a ‘sinking hoist; the hoist 
motor became overheated and the timber foundation began to burn. (‘hy have 
electrical machinery on tinber foundations? It is almost universal practice 
for temporary instal iations uuderErounts but should not be allowed.) | 


(£8. Slasting ot cribs in ‘top-slicing work or rin cut-and-fill work or 
clast ing of posts where the timber mat is following has caused many severe 
and costly mine “anes although they nave not resulted in very ¢reat lcss of 
life. : 7 

£9. Some eons quien were being blasted out to bring dann the overlying 
material in a mine using a caving systen ecaucht ‘fire, undoubtedly from the 
fuse, and before the fire was: sbrought ‘under ‘control the entire mine had to 
ve flooded, entailing an enormous loss to the‘comveny. The ceuse is aprarent, 
though the answer is not quite so easy,. The use of permissible exnlosives is 
recommended for blasting of. timber; end wnere it can pessibly -be done, the 
blasting of timber ean ae rather than by the’ ‘use of DUES SOGOU RREO Ee: 


50. In some mines fires have been started by dynomite “aed in large 
cherges in high sulphide ore (in which sulphur content is 4O per cent or over); 
in some cases there heve been exnlosions very much like those. which occur in 
coal mines. 


Sl. The wiring cf an electrically operated blower fen supplying air to 
the face of an exploration drift started a fire. beouuse of squeezing ground 
with short-circuitineg qf the wires. | re i 


S52. An oil switch controlling the power lines of a seta mine in some 
manner *failed® and. started a fire at the shaft collar on: the surface. The 
flames spread into. one mine and caused severe Property loss. 


Tirber is by far the most widesvread combustible iigecaratt mines, and 
“under certain conditions.will burn whether in place in workings or only piled 
ready for use; whether wet or ary; whether in form of crushed decaying mat or 
in solid Hoste: caps, or girts;. ‘or whether in an absolutely open space or in 
an abandoned back-filled stope. A remarkably small amount of burning timber, 
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such for instance as four or five tinber sets, can give off a sufficiently 
large quantity of poisonous fumes to kill scores of people. Sulphide ores 
in a finely divided state burn readily, especially if in contact with burn- 
ing timber; and cop»er and iron sulphides anoear to burn mich more readily 
than leed or zinc sulphides. a most difficult fire encountered in metal 
IMines is one in a timbere:. stope back filled witi. reste-rock material, - 
especially thet containin: considerable percenteges of finely divided copSer. 
or iron sulphides. Other flanmable materials wiich have aided in st. rting 
or exvending metal-mine fires are .asoline, oil, and grease kent in open: 
places underground, | _ 


Lezving piles of bark, chips or shavings of timbers in e:.nosed laces, 
or throwing empty explosive boxes, excelsior, sawdust, wanure, svoiled hay, © 
Oily waste, old clotking, and refuse into abandoned workings - all tuese 
careless prectices have Berunyec.? in starting or in aiding the extension of 
destructive fires, : 


At all mines that have flauwmable surfz.ce structures near the entrances, 
fire doors st.ould be provided to prevent fumes or fire from being drvm into 
the wines. Flammable surfece structures should not be closer to a mine open- 
in,;; tnaan 100 feet, but if already at or near the mine opening suca structures 
should be fireproofed by gunite or some other method and thorouzily protected 
by readily available water lines suck as hose, sprinkler systems, and fire 
extinguiszers, the equipment to be kept in good working condition by period- 
ical testing. Combustibles shovld es far as possible ve kept out of 
structures near mine ovenings, and the use of fires, matches, and smoking > 
materials in mines or in flammable structures near the openings to mines 
should be prohibited or at least very definitely restricted, 


Intake-air snafts are generally dry and if timtered constitute a continual 
fire hazard, It is.noteworthy that a large provortion of fires in metal mines 
originate at or neor shefts. Dowrncast shafts should be of concrete coustruc— 
tion, and where tuis is not feesible timbered shafts and shaft stations shorld 
be fireproofed by gunite or otler means, In the fireproofing process if is 
desirable to make the sheft lining smooth, as this greatly facilitates the 
flow of air. 


In fireproofing by gunite it is advisable at intervals of approximately 
a hundred feet (preferably. just above stations) to take out about one set of 
timbers around the shaft perimeter and concrete back to the rock ralls to 
prevent creep of fire in timber beisind the gunite. 


Wnere it 18 not deemed feasible to fireproof downcast timbered sisfts by 
concreting or guniting or other effective metnod, the shafts should be tiorovgh- 
ly, protected by sprays, water pive vith fusible plugs, or verforated vive, 
and witi: svitable nlaced valves, so that in case of fire in the shaft any 
section.may readily be drenched with water. Freferably, the water lines 
should be controlled from the surface, and there should be suitable vressvre- 
‘reduction valves. and signboards denoting the exact location of control valves, 
There shovld be-on important shaft stations at least 50 feet of fire ::ose 
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connected to the water line, with nozzle attached and with valve controls 
near at hand (well desimated by signboards), in order that water may be - 
always available for use without delay at the.stations or in the shafts. | 
Care should be taken’ that rater used in shaft fires should be so annlied as | 
not to reverse air currents and thus possibly cause loss of life. ‘Shere the 
ventilating current is weak, an uvcast Air current can be reversod to down- 
cast by the spraying-cf a relatively smll amount of water into a shaft. 


Timber uncast stafts which arc usually darn or ret, or downcast shafts 
in which some or all of tne timbor is damn, may burn readily if fire gets a 
good start in a jry, heavily timbered station or otner adjacent vorking. 
Hence, fire protection and fire prevention, snould not be neglected, even in 
ureast shafts, or where the timber in a snaft or station is usually’ damp. 


Since many fires in timbered shafts are started by electric wires, it 
is desireble, where feasible, to transmit electric »ower underground through | 
drill noles; this is done satisfactorily in several places. Where power 
vires must te taken through dry downcast shafts, it is advisable to fireprocf 
at least that vart of the shaft containing the pover wires and in any event 
such nower wires should be very carefully installed to prevent leakage or 
short-circuiting of the current. i a | 


Slectric trolley vires should not he allowed to te in contact with tim. 
ber caps; wires carrying current should not be attached to-timbers by nails, - 
nieces of rone, and vires; electric motors should not (if it: be possible to 
prevent it) be placed close to timbers or in heavily timbered stations or 
under heavily’ timbered stones or raises, and if trey must tbe in such places 
the immediate surrouadings should be fireproofed (ty ganite, concrete =~ 
slabs, or otherwise). Electric-lisht globes should not: be. in contect with 
timber; fuses should nct be bridged by heavy vires; circuit breakers or Pe 
no-voltaze release. :comnensators should. not be locked in place;. and the 
usual slin-shod methods cf instaliinz mine electrical equipment and of 
malinz repairs on it should be supplanted by work of a nature at least as 
careful as that required for surface ‘electrical installations. Suitable 
fire extinguishers or containers with sand should be ‘readily: available’ at 
or near all electrical stations in a mine and peeeeray. dust’ oatside’ the : 
station and on the intake or ‘fresh air side of. it. - 


ZDlectric switches should be of ‘the inclosed i aiid: type 
of substantial and safe construction, attached to firenroof base: ‘and the 
region around the base, as well as the region around the wires! near the 
motor, should be.fireproofed. Switches, suitably designated by: colored © 
light or by signboard should be provided at reasonable intervals: on each 
level so that current: to electrical equinment or pover lines may be cut 
off without delay;: and olectric current should. be: excluded from mines or 
yarts of mines which are not ‘being worked or kept under more or less con- 
stant supervision. “Trolley locomotives should be sunerseded where possible 
ty storage-battery locémotives. where trolley wires are guarded by wooden 


038 = O° 


Google 


I.C. 607€ 


trowsii, occesional sections of the trouz snoulc ve inece of nonco::.bistiole 
material, <«s ‘fires neve veen transuitted several meincread feet alon.. trolley 
gards in é. agrift ot..ervise devoic of timver. 

Storaye of even siuzll quantities of oil, sresse, .asoline, or siilsr 
flemmctle iscterials uncuer,,rouné is dan erous, “nd if necessery shovld be 
done wider locx end key in a fireyroofed nlace isolatec from travel tay aca 
air currents. These danzerous substances sniouldc not ce alloved to lis erovne 
timberea sieft sts tions or otuer worlinits, es is- commen pr:.ctice.. 


Siuilirly, exslosives shocld be stored unuer:roind in a nlace isolstea 
from or.ingry trevel sic air currents, tae ‘'ceos" aud fuse at least 1.9 feet 
distant from the "50: der," enc should be issued by an attendant only «ut cer- 
tain stated periods. ‘.ese vlaces suould be lcept clear of e:gelsior, »aner, 
einpty boz.es, perts of bo: e3,:and other refuse. all open liniits sxoul@ be 
absclutsly e:.cluded; tie place dein, ligated eltker by tne ordinary incan- 
descent, electric li,iits vroperly installed or oy swell "buttery" Li-nts, It 
is adviscble to have fire ynatrol of worxing, olaces intucdiately efter olast- 
ing, esvecially vhere blestin, is done in. or close to timber, wuere 
feasible, blasting should be done electrically retuer than vith fuse. Iu . 
blastin, timber, not more than five or siz: holes snoulc be fired simleteno-s-- 
ly at tue same lace, end it is advisable to use tiie coal miner's ~»erinissicle 
exmlosives to cecrease tle fire risk,’ ine preatest care snovwld be taxsen in 
transsorting exolosives in bulk to the underzround weyjazines and also in 
sinaller quantities from tiie ine Zines to tee working »xlace. 

‘Candles: siould te entirely eneiuase from mines excent for tie nur ose of 
occasionel testing, of oxygen content of air; end the metal miner suo2ld learn 
to carry u.is carbide lamp in his cap as the corl miner does, for the use of 
the "candlestick" in tolding «a curbide lamp to timber vost has been- resvonsi- 
ble for numerous fires. lotwithstanding the opposition to it, a no-smoking" | 
rule sould be instituted and rigidly enforced in metal ite a: and.bosses es ; 
well eas otiier underground eaployees snovld obey it. Tie present-day electric 
cap lam is more efficient, less exvensive, end far less iazardous than the. 
acetylene damp and by 2ll means the metal miner should discard the oven -. 
ligiits and use only up-to-date electric cap lamps for nis portable li ating. 


As every metal mine waich has timber or otuer flammable materiel uncer- 
ground nas a fire nazard, every such mine sho..ld taxe precenrtion. to comoat 
fire, and one of the most essential nrecautions is to nave available - not 
only in suefts anc shart stations, but on important levels - water lines 
at least 2 incies in Giometer® and: with suiteble surfece store.e and valve 
control, Tl.e e& posed threads: on valves’ or ater pive in mines snould be. 
kept ‘ell ereased or ‘oiled to prevent undue corrosion; this is an iwortant 
detail and one alinost universally neglected. The practice of converting air 
lines to water lines is good, but care must ve taken tuat locctions of valves 
to accomplish the cna: are well marked, witi full instructions by si.sn- 
boards at or near the valves. In deep mines where the head could be ex- 
cessive, suitable pressure-reducing valves or other equipment siuovld be 
introduced into lines or branches for attachment of fire nose, to hold 
pressure to less than 100 nounds per square inch at the hose,. 
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If a fire can be directly and promptly attacked by apvropriate means, ~ 
it generally can-be extinguished before much damage. is done; hence, it is 
imortant to have available at critical points - important shaft or other 
staticns = emergency equiument such as fire hose arid extinguishers.or a supply 
of sand or similar material. Of course, it, is absolutely essential that such > 
equipment or material be kept in working order by, periodical try-out or 
rigid inspection and by the instruction of the men in its ~urpose and use. — 


There should be at least two openings through either of which men may 
escape without danger or difficulty when one is not available temporarily; 
if the mine is deep (say, 500 feet.or over) and employs a considerable number 
ofmen (say 25 or more underground on... one shift), two shafts should be 
available, each with hoisting equinment to the lowest levels, able to remove 
the men from the mine with minimum doley,. 


There should be more than one svstem of shaft signals, and if feasible, 
there should be a system of signaling from the moving cage. Telephones 
should be installed on imvortant undorground shaft stations and at important — 
gathering places in the mine, and if feasible the telephone linss should be 
brougat into the mine through some ovening other than the one ordinarily used 
for handling mon. . Where it is feasible, air and water lines should be 
trought into the mine through two openings, to be available from one in case 
the lines are destroyed in the other. | 


Signboards, always kent in.good condition, should be placed at, compara- — 
tively numerous voints underground to designate the direction. to exits as 
Yell as to denote places of danger... New empldyees should be promptly”= 9 
acquainted by bosses with the location and best methods of reaching the vari- ~ 
ous exits and should be required to use these oxits at least once every few 
Tonthe, and the travel ways in these. exits should be kept in safo and 


"travelable" condition. 


Mere should be installed sone system by which miners may be vromntly | 
notified of fire, and all employees should be informed as to the significance 
ef such signal. Turning compressed air on and off, filling comvressed-air 
lines with water, rapping on pines, ringing of gongs, flashing of lights, use 
of telephones, and introducing sane stench into compresséd-air lines aré the _ 


methods ir use; the latter is one of the most efficient. 


Probably the best and most effective method of protectinz both life and 
*roverty in cage of fire is. the establishment and. maintenance of a carefully 
lesigned, efficient, mechanically controlled ventilation system with (1) 
air-tight doors:so placed as to be able to isolate shafts from mine levels; 
(2) air splits held absolutely ‘separate from each other - hence, able to | 
confine smoke to but a small part of the mine; and (3) the main man way down- 
“st or on the intake --henc>, allowing escape in fresh air unless the fire is 
“1 the main travel way. Positive control of air currents at all times is _ 


rs) 


““fential, as even small defects in ventilation arrangements may be castly. 
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Leaky doors m.ica only vartly sold air at ordinary times and fire fumes in 
time of emergency, open levels betzveen main inteke aad return shafts, or 
oven raises of crosscuts between senarate splits - and, in fact, anytnin:, 
which allors short- circuiting of air - is likely to be dangerous. sven the 
trolley slot in doors or goorvays shoud ve “mede as small as possible. 


The following additional sus;estions are made es to wine doors: 


1. l:ine doors and tiieir frames should te substantially constructed, 
should be covered with roofing: iron or otuerwise fireproofed, snould be 
tight, and should be always kept in revair, 


2. Doors sould close automatically after passage of men or cars and 
should have a latcr. or otner positive means of keening them closed, even 
though ordinary pressure on the outside of the door siiovld become vressure 
on the inside, a situation likely to occur at time of fire. 


3. Every main air course, whether shaft, incline or level; should 
have in pnlece either within | itself or in’all the ovenings leading frou it, 
a system of doors such that “in case°of’ emergency the entire shaft, inél vane? 
or level openings ‘can be: “quickly isolated from other parts of the mine, This 
1s especially important’ as. to dorncast, or- intake timbered susfts, inclines, 
or level air courses. Toors suould be provided for all main openin,s leading 
from main air courses (both intake and return); and when at ordinary times 
there saovld be free flow of air, the door should have a sien denotin: tuat 
it is to be ‘glosed only in cadé-of enérgeney (if poner ve etWving, the enact 
contingency, under which the door shouldbe GLOBE) 


4. All doors, but dapecialiy those for use eine fires or in exits 
vetween wines, should close flush against the face of the doorframe insteac 
of in a groove within the frame; this is to vrevent sticking of door or in- 
ability to open or close it if there should be deformation of doorframe from 
ground movement or swelling.of the door or fraune,. 


5. Where there is necessity for frequent openiiig of doors. controlling 
méin air currents, or where such doors must remain open for long veriods, it 
is advisable to have two or’ more doors vlaced. so that. when one mst" open, 
one or more may be closed: es thus prevent peserne: ‘of air. 

6. All employees should be educated to respect doors and especially to 
close those which Ere supposed to be closed. It is advisable to have on: 
each door a Sign suck as "Keep this door closed," or "Close this door in 
case of fire in main shaft," or other sign epolicable to the specific condi- 
tion existing at” each door, Any employee failings to close:a door which 
should be kept ciosed, or one wno deliberately or careleesly vreaks a door 
or its frame, sould be disciplined, even to the ee veny: ‘of: wc a him, 
if necessary. 
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7. It is srevanisiy desirable: that all mines be divided into air eviite . 
ty doors, etc., in such a way that a fire in any one split vill be held —— 
separate from all other splits and by manivulation of doors may be further 
isolated and controlled. In ordinary times, this. system overates to the - 
benefit of distribution of: ‘air currents noe ae oeE Se where men work. 


Ventilating one mine through another | re not advisable Af other circuits 
are possible, for exnerisnce has shown that a fire in one mine:may overcome 
or kill men in an adjacent connected mins. The nine which ordinarily de- 
livers air to its neighbor may at time of fire receive deadly fumes through 
reversal of air currents, This danger from interventilation of-mines is, 
present whether the mines are owned by separate companies or by. one comnany ,. 
and it exists to a certain extent where ventilation is mechanically controlled, 
though not nearly so much as where the ventilation is natural. Where two 7 
mines have been stoped along the boundary lins, in some cases anime or sand 
filling may be used to make barrier pillars... : 


The main ventilating fan should be in. a fireproof housing and, if 
possible, be placed on the surface and. connected to mine ovenings by fire- 
proof ducts. It should be equipnpned with a system of doors, at or near the | 
fan, or with any other feasible method which will allow of changing direc-;: .. 
tion of air currents wita minimom delay. However, at time of fire, the 
ordinary direction of underground air: currents should be reversed only after 
miture consideration of the effect. unon those underground. Tho following | 
kints are offered in connection oe Tevere Dae eeu and reversing of air 
currents : . 


1. All main fen installations at metal mines with. fans on the surface 
should have the reversible feature, and where feasible, underground main 
fans should also have the same arrangement. 


2. In addition to the reversing feature, all fan installations should 
be firenroof; and main air courses should be so equipoed with doors that, 
if necessarv, all air flow may be closed to or from the air course. 


3. To make the reversing feature effective, mine doors should be so 
constructed as to remain closed, preferably by a nositive latch, even when 
the direction of pressure against the door changes. Occasionally in. normal 
times the reversing feature should be. tasted to make certain of its smooth 
"orking in case of emergency. 


4. Booster or distributing fans ia: use in metal mines to distribute 
ae "blind ends" need not be reversible, ‘but should be in.a fireproof 
se ng. 

oO. While there are instances. of loss of life due to reversal of air 
Currents, there are @ greater number of instances of saving of both life and. 
of property by use of reversing systems in both coal and metal mines. 
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6. Dengér in reversing direction of air flor is mucs ¢reater in coel 
mines than in metal mines, owing to tue possibility of exclosions, yet 
sentiment in coal mines is alwost unanimous in fuvor of pe eceUNet tc 
reversing, feature on main fans. 


7. It is no wore lozical to conden tne use of tire reversing feature: 
in connection with main fans at mwetsl mines because of one or tro isolated 
ceases of loss of life associated witn reversel of air after a disaster tian 
it is to condemn use of soists for hoisting men because there nave been a 
few hoisting, eccidents, or to condemn the use of electricity because t..ere 
have been some. deatns in nines from saock, — 7 


8. Te cost of installing main fans with tie reversing feature is but 
about 25 ner cent creater than witnout‘it. The total cost for a fairly lar,;e 
mine would te less than 32,500, and for an ordinary mile not as mica as 
$1,099, With use of this feeture, the return in dollars and cents vould 
probably be many tines the costs just. Cited, and tue value returned in 
Saving of life might be incalculable. 


9, Tié reversing feature can be used to facilitate ordinary wininz 
operations. One deev metal mine in the West uses the feature to "cut" ice 
out of the operating shaft in winter, and converts ae dorncast operatins 
shaft to upcast in less taan 10 minutes. : 


10. Any metal mine, which for ordinary operations mist for some reason 
maintain a nain shaft or travelray as upcast, should certainly have tne re- 
versin,; fezture on the fan, since 4 fire in aliost any part of the mine may 
at any time fill the shaft with fumes and quick reversal of the direction 
of air flor would give underground men a safe exit through the sneft. Such 
shafts siovld also have doors at all intérsections 60 located and constructed 
ag to be able to isolate tie sLaft from atl: air flow if’ BOCES SaTys 


ll. Reversing the cirection of air. currents unquestionably iias sone 
possible daw:ers, some phases of’wuich are herewith mentioned: (a) At tine 
of fire or explosion, changes in direction of air’¥lov siould not: be sade 
except tren it is fairly well established th:t good rather than harm vill 
result. 

- (4%) Mines vith fans equipped to reverse direction of air currents seldom 
use this equioment; uence, at time of exergency there is lixely to be undue 
delay in effecting tue change, and in some ceses tne chanze cen not ve brou kt 
About due to inefficiencies in the apetaltebsens | 


(c) hines ueving fans with the reversing feature rarely nave under round 
doors so constructed taunt the reversal can be accomplished,’ 


(d) Wren air currents are reversed in wines wits. high humidity and acid 
water they may cause damage to metal in dormcast shafts wien tiey are con- 
verted to upcast. | Bons - 
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(e) Mines with such fungus and timber decay ‘in abandoned and wartly 
ventilated workings tend to spread fungus spores; ee in | oe mines timber 
decay is extended by reversing ! air currents. 7 . 


12. In goneral, ‘very few persons care to: ‘assume Scene wees for 
changing air flow in a mine at. time of disaster; moreover, very few have the 
special knowledge as to the feasible method of making the change. These 


conditions. alone will,. in generate: a ae ae Re vereane reavure rron 
misuse. , . 


1Z. The direction of main air eirrcate showia not be. seaeee ee 
under instructions from the mine foreman, sunerintendent,: or-.other official © 
rho is familiar with the mine and its air currents,: and who should also be fe 
sufficiently familiar with underground conditions at the time of making’ the 


change that he. realizes the probable, effect: and feels able to shoulder the : 
responsibility. , 


14. The placing of the reversing feature on main fans for metal nines 
is @ chean and effective method of vroviding insurance against loss of life 
and property in case of fire. It says even if never used, and it is likely’ 
to yield big "dividonds" in. peewen Oy: se Josece in case it is available and: 
is used in an emergency. oe ae 

Commara tively few men at motel mines understand mothods of inducing or 
controlling the flow of air at ordinary times, and still fewer know. bow to 
handle the gases fron a fire. It is a fatal mistake to assume during a mine 
fire that a man. is safe in. clear air so long as his carbide light burns. ‘ Men 
tho were in air devoid of..smoke have. been found dead from carbon monoxide with 
their carbide lights burning brightly.beside them. The candle or carbide 
lights burn brightly in air containing enough carbon monoxide to cause death 
ina fraction of a. minute. however, a man-can live in air containing too : 
little oxygen to support the flame of a candle or a carbide light. A candle 
ig extinsui shed when the. eamoynt of cxygen falls below 17 per cent, and the 
carbide light. " goes cut" when the oxygen.is >elow 14 per cent; a man can : 
exist for some time Waen the. oxygen content of the air falls as low as 10°.” 
Der cent, if no otner harmful gases are present. A canary or.a mouse is 
quickly nade. unconscious by..a percentage of carbon monoxide in which a man can 
live for a short. time; hence, when the canary drops, the man should take . 
Warning and retreat. immediately. When. venturing into air suspected of being:- 
imure, if tie smell animal (canary or mouse) lives and a candle or carbide 
light burns, a man is.safe unless explosive gas is.present, and this method 
of testing enould be. ‘adopted in metal mines even in face of the ridicule fete a 
usually of fered when the animal is used. Ysa : 


When | men ‘are unable ‘to escape... to the gactace at time ‘of mine fire, ney 
euerally can aid. materjally toward saving themselves if they do not lose 
eir heads by attempting to force, het. way cee the ‘smoke and jeeses: : 
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By retreating to blind vorkin.,s into wnich the swoxce hes not nenetrated and 
tigatly sealing off the oveninzs to exclude tne gases, using timber, posts, 
boards, plank, canvas, paver, mud, dirt, or even clotuinz to male tre seal, 
men may live for days, esoecially if tnuey have included vitain tue sealed 
region one, two, or several hundred linear feet of fresh-air drift, nave 
taken with them a sunply of water and such food as they may.cave, use food, 
water, and.lighkt sparingly, and move about: occasionally to keep the air 
within tne sealed vlace properly miz:ed.. The moving about is important, as 
otherwise the air may be locally denleted of onyxen wnere many men sit or 
lie still, and they mey die for lack of oxyzen, although plenty may be 
readily evailable <0: or 30 feet distant. In selecting a place to barricade, 
care must be taken. to cxoose solid ground, as barricades nlaced in filled or 
broken zround are likely.to admit gases, and at several fires nave-done so, 
with tne resultant deatu of the men... Similarly, care must be taicen to seal 
all ovenings and to nee tne seals tight; in at least one instance wen tried 
to seal thenselves, but apvoarently did not see a raise; later, fumes entered 
turough the raise and suffocated then. 


Some mining companies now have underground refuge cnambers with air- 
tight doors; in these ciuambers are placed barrels of water, comvressed-air 
lines, compressed foods, and telephones. It is sug ested that mines "ith 
bad fire nazards be equirped with such stations. mines vith only one oven- 
ing to the surface should be required to have such refuge chambers for use 
in case of cave-ins and fires in the one ovening. 


Only too frequently a fire obtains so. great a start that it is in- 
possible to handle it directly, or it is in an inaccessible place, or ina 
place in wuich falling material prevents actual contact, and recovrse amst 
be had to other methods of attack. io control such fires, the most success-— 
ful and acceptable method is to solace seals of clay, sand,. boards, canvas,- 
or, oreferaoly, concrete in sucs manner as to confine the. fumes witain a 
comparatively restricved area with minimum leakaze of air into tue resion.- 
as a rule this can be done only efter mich dan:erous effort. “here tue 
seals are made tight and kent so by constant watchnfulness, and. where tne 
surroundin,;, strata are not broken, tue oxygen content of the air is soon 
depleted below tne 5 or 6 per cent necessary to support combustion. If tne 
region is tnen alloted sufficient time to cool before bein; opened, fires 
are zgenerelly controlled with minimum expense, thougn the cost may mount 
into the thousands or even into tue hundreds of thousands of dollars. 


dmere an entire mine mast be sealed or where territory with much onen 
space ‘say 1,000,090C eubic feet or over) must be sealed, the »rocess of 
extinzuisuing a fire by eecling is likely ‘to be long draw out and may not 
be feasible. This is especially true vien any onvortunity for air leaka;:e 
sists, as through intersecting veins or connecting workings to other mines, 
Or breaks or openings of any kind -to the surface. In such circumstances 
other methods of control must ve utilized,.though in any event sealing is 
likely to constitute an iiuportant pert of the »rocess. 
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The ugual method of pein a metel-miné fire where sealing is not 
effective is to flood it.. This method is costly, both in actual performance 
and in subsequent effects. Sometimes steam 4s tried for extinguishing a 
fire, but generally with only limited success. At other fires some inert 
gas, such as carbon Gioxide, is used. . Water. ‘sometimes is introduced through 
diamond-drill holes and coursed. through the area. Some fires of long stand- 
ing have been overcome by. the introduction of hundreds of thousands of tons 
of-mill tailings through diamond-drill holes ‘end other openings; this process 
usually accomnlishes desired. results,. after. ree, other available 
nethods have proved unsuaceasful.. a ee 

‘The Renent ‘gan ig extrensiy, useful nH ‘Gementing broken ground to prevent 
escape.of fumes, and also in making: ‘bulkheads | of tinber, rock, and boards | 
ea ‘and. even: Ain constructing cement. bulitheads. | | 

"Where. fire a re moving Or. in, heeay ground, rigid bulkheads ‘of cement 
sea rock-are : -Enefficient,.. and , bulkheads of. timber laid skin to ‘gkin can be 
held tight :much-more readily than cement and. rock; with cement and rock bulk- 
heads -it--is froquently advisable to construct the unper part and nossibly’ 
the sides with clay to allow for movement without cracking the. ‘bulkhead. 


All. .bosses,- surface and underground, as well as clerks, timekeepers, 
and other employees, should. be. brought together into an organization. to dis-. 
cuss possible fires from.time to time, and to determine definitely’ what each” 
should.do in case cf fire on: the. surface or at. various places underground. ~ 
There snould be posted in. the-mine office and kept up-to-date & list of names 
and street and.televione addresses. of persons to be notified in case ‘of fire,- 
including mine officials. (manager, superintendent, and foreman), safnty men, 
oxygen mine resche apparatus men,: state. inspectors, doctors, and ambulance. 
drivers; All bosses, cagers, motormen, drivers, and samplers should be made 
fully acquainted with location:.of valves and electrical switches and should 
be thoroughly instructed and regularly drilled as to the action to take at | 
time of fire, first, tovard assurinz the safety. of the. men and, second, to- | 
ward vrotecting pronerty. Bosses and.others familiar with the mine should 
be trained in the use of oxygen mine rescue apparatus and other similar equip— 
ment; and bosses, at least, should be familiar with mine-fire gases, the 
danger from them, and methods of detecting them. Above all other things, _ 
discipline of the strictest Onyen: Bnouls be maintained in all activities _ 
at or au a ‘mine ae 


It is of. ee adoortatice. that. material and. apoaratus on Hand for use 
in case of fire be subject to rigid and efficient periodical inspection, and 
te given an oceasional test under conditions approximating those of an — ? 
emergency. It is exasperating, to say the least, to find that fire ex- 
tinguishers ‘are out of order, or hose svanners. -lost, .ar fire hose broken, 
or valve wheels displaced, after :much dangerous. effort has been made to get _ 
into position to fight a fire; and it is from delays caused by lack of proper 
attention to such details that many ming fires get out of hand. It is of 
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perticular importance, not only at emergency work on a new fire, but at the 
more long-drarm-out task of controlling an established fire, that orders 
resvecting the fire fighting be issued preferably by some one person, tims 
preventin: confusion due to duplication of instructions, | 

Tue establishment of an efficient aecaanient ventilation system, as 
previously mentioned, is of great velue in fighting a fire, and-mecsaniccl 
ventilation is now placed et wany metal mines where its ccrief use is to be 
in connection with possible fires. In addition to having a large fan to 
control nfin air currents, some mines are equipped with small auxiliary fans 
on mine truc:s with a stonly of flexible tubing and other accessories; tuis 
permits controlling the ventilation locally from strategic points near an 
underground fire. Some minin;; companies combine ventilation doors with fire 
doors, and erect concrete jambs rith metal. doors at points well located to 
isolate main air courses, if desirable; this permits controlling the flow of 
air as well as the fire or fire fumes. It is desirable tnat trese fire doors 
be so constructed as to cause the door to close against the side of the con- 
crete frame or jamb rather than against a groove in it, in order that settle- 
ment of the surrounding area will not prevent the o opening: or closinz of the. 
door. It is equally desirable that the door have a positive latch by wiich 
it may be opened from eitner side; this’ latch should be of such construction 
that it will not rust tight or otaerwise become inoperative. 


Each mine should have alvays available a supply of canvas fire nose, - 
witn nozzle, to fit surface or underground water pipe; possibly a small fan 
with canvas tubing, and at least a dozen 3-cell electric flash lights vith 
plenty of batteries and a number of readily portable fire extinguisners, «a 
large mine suovld have at least ten sets of up-to-date oxy,,en mine rescue. 
apparatus, with supply of oxygen and regenerators and possibly otiuer equip-_ 
ment. If gas masks (respiratory apoaratus which filter ovt noxious gases 
but do not suppvly oxygen) are used in. connection with metal-mine fires the 
greatest possible care should be exercised against bringing them into atuos-. 
pheres wi.ich are or wiich may’readily become deficient in oxygen or which 
contain poisonous gases in excess of the filtering capacity of the mask; and 
in any case no pergon should be alloted to use any tyve of respiratory 
aoparatus such as oxy,,en breatiing azparatus, or ¢@8 mas-7s,or even hose. 
masks unless he lmovws: the ‘details of the operation of the avparatus and its 
limitations and -also‘has hed instruction end at least sone practice in tire 
wearing of the apparatus. Small.mines or mines at which oxy;::en apparatus | 
may not be available can secure the anvaratus as well as supplies and tue 
advisory services of men accustomed to fighting fires by applying to the | 
nearest vi, S. Bureau of lines safety office, station, or car, If its loca- 
tion is not kmown, quick action can be had by wiring for help to the 
Director of the United States Bureau of liines, at washington, D. C., ‘no 
will promptly notify the nearest available safety car or office. 


iietal-mine fires’ tith heavy loss of life occur relatively seldom, and 
woile :uch is written and read and said. about fires for a few weeks after 
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occurrence of one which nas caused hezvy loss of life or possibly of pronerty, 
in -enera]l uine fires and mine-fire data ere ziven but scant attention detreen 
occurrence of fires. And wnen a mine fire occurs wits unpleasant consequences 
it is almést inveriably ascriced to an anavoidable chance or is callic an act 
of Proviiience or oF sone other es;ency when as @ rmetter of fact practicell; 

all mine fires are man-made and the result of .ross carelessness. iforeover, 
their occurrence can be avoiced, or at least loss of life in connection vith 
them can ve prevented, if ever.’ underground mine world frankly recozuize 

that it kas o fire Lazard and would teke measures such 28 are recownen red ir 
this paper for the avoidance of fires or for the safe and efficient handling 
of them if they shoulau occur, 


A relatively short bibliocrapiuy is ap vended to this narer and from it 


can be selected muct: of the available metal-uine fire date ovdlisned curing 
the vast several yeers,. 


Google 


BIBLIUGRAFEY: O21 SOi3 LETAL-MIN® FINE LaTa 
-UbIT&D STATES FUREAU OF WINES — 
Bulletins: 


Adams, vi. We wetal-mine accidents in the United States. Eulletins as 
follovs: : : | 


Yeer Fublisked 


24.8 LY23 1925 
264 192 1926 
282 —C—«S 1885 15927 
252 | 1926 7 ze | 1628 
310 1627 1S29 
320 1: 28 1°30 
32 Lycg 1931 
552 1930 1932 


Certain tables list accidents and fatalities due to 
metal-mine fires, 


Ingalls, i. R., and ot:ers. Rules and rezulations for metal mines. Bull. 75, 
1915, 256 vp. 

Harrin:ton, D. Lessons from the Granite Mountain fire, Butte. Bull. 18S, 
1922, 50 op. 

Underground ventilation at Butte. Bull. 204, 1ly23, 1431 pp. 

Has nuwerous data on mine fires, 

Rice, G. S., Paul, J. W., and von Berneritz, M. Ww. Fifty-nine coal-mine 
fires: Eovw tiiey were fought and rhat they teech. Bull. 220, 1°27, 
156 pp. Altiougii on coal fires, the text is suggestive to metal miners. 

Earrin.,ton, D., and Denny, E. H. Gases that occur in metal mines. Bull. 347, 
1931, po. 13-14. Deals mainly with fire precautions. , 


Tecinical Pavers 


Adams, W. W. Metal-mine eccidents in the United States. Technical P: pers 
as follovws: 


Tech. Faper No. Covering Year Year Publisned 
256 igly 1S21 
2ge 1¢20 1922 
Bae! 1S21 1923 
304 $22 1S24 


Certain tables in these reports list the acciaents and 
fatalities due to metal-mine fires, © 
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Fay, AL rt. Letal-mine accicents in tre Unitec Stetes. Technical Favers as 


follows: | oa ere 
Tech, Pacer No. sss Covering Yesor Year. Fublisied 

40 1:11 | 1613 
61 1512 7 1914 
94 1913 1914 

129 1914 ae 1915 

168 — 1615 1g17 

202 - 1616 m3 Sls | 
224 | . 1$17 .1¢1g 

252 ' 1918 1920 


Certain tables in these reports lict tie accidents and. 
fatalities due to netal-mine fires 


Burrell, G. a., ana Seibert, F. Me 6Gaes ‘analysis as an aid in fighting inine 
fires. Teco. Paper 13, 1512, 16 pp. ; 

Clarx,i. Ek. Factor of safety in mine electric instellations. Tech, Paper 
19, 1912, 14 op. 

Rice, ~~. S. Mine fires:. a preliminary study. Tech, Paper 24, ‘is12, ol ov. 

hi.gins, scwin. Fires in Lake Superior iron mines, Tech. Paper.59, 191%, 
5A OD. : | a ae ee ; | Eo. S 

iarrin.ton, D. accident orevention in tue mines of Butte, Montana. Tech, 
Paper £69, 1920, 5° on. a ‘ : 

Katz, S. H., #liison, 7. -C., am. Ry, w. Le Use of. stenches as warning in 
mines. Tech. Faper 244, 1¢20, 31 op, 

Harrin,,ton, D. Ventilation in metul mines - 4a preliminory revort. Tech, 
Paper eol, 1921, 44 po. 

harrinz ton, D., Pickard, E. 0., and wolflin, Le. Nie wetal-Mine fires, 
Tech, Faeper 314, 1923, 20 pp. | | : 2 4 | 

Tracy, L. D., and Hendricks, R. W. Snall hove streaus for fignting mine fires. 
Tecn. Faper 330, 1925, 23 pp. “- eo 

Pickard, B. 0. Lessons from the fire in the argonaut mine. Tecn. Paner 363, 
1926, 35 vp. | : | 

UcElroy, G. BE. Natural ventilation of Michizan copper mines, Pech. Paper 
516, 1932, p. 38. Notes that only one mine was prepared to Btee or -slow 
ventilating currents at time of fire, ; 


Miners! Sireulers 


Paul, J. w. Wine fires and now to fight them. iiners' Circ. 10, 1912, 

14 2p. Contains information aboct coal mines, of use to metal miners. . 
Paul, J.. w., Fickard, B, 0., and von Bernewitz, hb. WwW. rection of barricades 
during wine fires and after explosions: Winers!' Circ. 25, 1923, 28 vn. 

Yant, w. P., and Berger, L. B. Advanced mine-rescue training, Part II.-- 
Instructions in methods of sampling and use of Bureau of Mines vortable 
Orsat apparatus for analyzing mine gases. Miners' Circ. 34, 1929, 89 pp. 
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ne J. J., and Grove, G. W. <Advanced mine-rescue trainin;;, Part IV.-- 
> ested procedure in sealing and ets nine fires and in recovery 
Se Miners' Circ. 36, 1929, 54 pp. 


Information Circulars 


Gregory, F.C, _Fires and fire prevention in Lake Superior mines. Inf... Circ... 
6073, 1928, 17 pp. 

harsnall, K. L. Eow fires start in mines. Inf. Circ. 6076, 1928, 4 pp. 

Two generél heads: roreign neat ignitions and spontaneous iznitions, 

Miller, a..U. YFYire-fighting equipment ana organization of Madison Coal 
Corporation; Glen Carbon, Madison County, Illinois, Inf. Circ. 6323, 

1930, 8 pp». Suggestive to metal miners. 

Harrington, D., and von Bernewitz, M. W. Hazards to euacnercand workers from 
flammable surface structures near mine i eaamece Inf. Circ, .6557, 1932, 

? pps ": 7 

harrinzton, D. Mine Explosions in the United erates during the fiscal year 
eeaue June 30, 1928. Inf. Circ. 6085, 1928, 4 pp. 

Data on metal-mine ventilation. in 1929, .Inf. Circ. 6246, 
1930, 23 DP. 

Harrington, D., and Owings, C. W. wine explosions, mine fires, and miscel- 
laneous accidents in the United States during the fiscal year .ended June 
30, 1930. Inf. Circ. 6419, 1931, 33 pp. 

harrington, D. Progress in metal-mine ventilation in 1930. Inf. Circ. 646°, 


Reporte of Investigations 


paraee: B,. 0; miesceney pote oa fighting eteruine fires. Rept. of 
‘Investigations 2240, 1921, 3 vp. Ad aot 
Fire hazards in metal mines. Rept. of a 2194, 
- 1920, 2 pp. . 7 
Harrington, D. Fire and ventilation doors in metal mines. Rept. of 
Investizations 2426, 1922, 5 pp. 
Allen, C. A., and Watts, A. C. Fignting a fire with ite own. HESBEe: Rept. 
ef Investigations 2320, 1922, 8 pp.: ee) 
Hovarth, Hh. C,, and Greenwald, H. P. Tests wi tin rock dust. for stiaratenive 
fire, Rept. of Investizations 2801, 1927, 5 pp. 
Howarth, H. C., and MicCaa, G. S., Control of a small mine fire with rock 
dust, -Rept. of Investigations 2914, 1929, 3 Pp. | 
Jones; G. W., and Perrott, G.-St. J. ‘Extinction of methane flames. by 
dichloro-difluore-methane, . Rept. of Investigations .3042, 1930, 4 pp. 
States that the extinctive effect:is alinost identical with that of carbon 
tetrachloride: on a volumetric peene. 
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AL SRICAN INSTITUTE OF sINING aND METALLURGICAL H:GIL=ERS 
a | Transactions . 


Young, G.-J. Fires in metalliferous mines... Vol. 4, 1912, pp. 644-62, 

Berrien, C, L. Fire-figating metnods at tne Mountain View mine, Eutte., 
Vol, cc, 1916, pp. 534-543. vo 

rodgson, J.-P. ining metizocs at tie vocner queen mines, Lower fire 
district... Yol..54, 1916, pp. 54-79.. 

Tally, R.-E. t:ine-fire metnods smoloved by United Verde Conner Co. VOLS. OS: 
1916, pp. 186-155; discussion, 190-202, 

Nighman, C. E., and Foster, R. S. Tne Fennsylvania mine fire, Putte, Montana, 
Vol..57, 1917, pp. 237-252, Describes how the fire was fought.. 

Sherman,’Gerald. Measures for controlling fires at the Conver Queen mine, 

Vol. 59, 1918, pp... 318-323; discussion, 323-325, TLiscusses fire doors 
eni spreyvs. 

vitke, C, A. Mining wetnuods of United Verde kxtension Mining Co. Vol. ol, 
1915-19, p. 182. Yire protection described. - 

norris, &. ii. Fireproofinz mine shefts of anaconda Copper Mining Co. Vol. ol, 
1918-1¢°, op.. 201-203,. 

Rood, V. S., and Norden, J. A. Enginecrin,; problems encountered durine recent 
mine fire at Utah-ape:., Bingnam Canyon, Utah. Vol. 61, 1918-19, vp. 204-215, 
wine was flooded, Total eznense of fignting fire was #42,884, 

Rarrinston, D. Dust-veatilation studies in metal mines. Vol. 66, 1°23, p. 2&0, 
Relation of ventil-tion to fire protection and vrevention, 

Daly, w. B., and Berrien, C, L. hinin= methods and installations of Anaconda 
Conver Lining Co., at Butte, Montana, ‘Yol. 638, 1922, pp. 3-7. Includes 
discussion of fire prevention. 

Gooaale, C. W., and Boardman, J. L. Bureau of Safety of anaconda Conver }.ining 
Co. Vol. 68, 1922, pp. 8-32, Cn page 28 refers to nuwuerous fires and need 
for mine-rescue apvaratus, 

Richardson, A. S.. Vertilation of Butte mines of anaconda Corner Vinin;; Co.. 
Vol. 58, 1222, pp. 33-55, Giscussion, 55-60. Foints out that eat siven 
orf oy fires has to be cooled. 

Rahilly, E, J. Mine fires and hydraulic filling. Vol. 68, 1922, oo. 61-7c; 
discussion, 72-76. Concerns fires at Butte. 

:orris, E. bk. ‘Indereround fire prevention by the Aneconda Copcer Mining Co. 
Vol. 68, 1922, pp. 77-85; discussion, p. 72. wDescrives guniting of crifts, 
shafts, end chambers, — 

Tillson, B. F. Install-tion of fire-fi,hting equipment in mines. Vol. 69, 
19233 pp. 341-353; discussion, 352-361, Lisxcusses fire patrols, water 
suxcsly, ose, and valves. 


“Technical Publications 
Glaeser, C. a. Ventilation at the United Yerde mine, Tech, Pub. 199, 192°, 
30 pp. sxplains necessity for mecaanical ventilation, poe ‘to ixeen cool 


all vorkings adjacent to a sealed fire area, 
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Glaeser, OG. A. Frotective measures against zas hazards et United Verde nine. 
Tech. Pub, 276, 1930, ll pp. kxvlosives, blasting, ventilation, safety 
chamber, fire watchmen. 


Miining and Metallurgy _ 


Norris, &. Mm. ‘Underground fire vrevention by Anaconda Copper ining Co. 
Abstract, Min. and Met., No. 182, Feb., 1922, pp. 37-38. 

Rahilly, HE. J. Mine fires and hydraulic filling. Abstract, Min. ‘and hetey 
No. 182, Feb., 19e2e, pp. 41-42, 


-Barbour, .F-. E. .Responsibility for the Argonaut disaster. Vol. 3, No. 150, 


1922, po. 3-4. Stresses need for a law to prevent suci: disasters, ' 
Fickard, Bb. 0. Rescue works at arzonaut mine fire of 1$22. Vol. .3, Wo: 11, 
1922, pp. 27-34, a 7 a 
Barbour, F. E. The hero of the Argonaut (fire). Vol. 4; 1923, op. 174-175 
Refers to.G. S. Downing, assistant superintendent, who died as a result. 
of tue fire. 
a ‘Tne Hecla mine fire, Vol. 6, 1925, p. 269; also, Bureau of 
‘Mines rescue car 9, p. 270, 


Oe de tae water into air lines for fire protection. ‘Vol. 11, 1930, De 55. 


Explains procedure in mine. of United Verde #xtension mining Co. 


darrin;ton, D. mine ventilation in 1930: metal mining. Vol. 12, 19315" pe..1o. 


-Deals with artes. a metal mines. 
ENGINEERING AWD MINING JOURAL 


“eeieles 


Fire ia Louisville mine, Lake County. Vol. 62, 1891, p. 249, Fire started at 


oy 


500 feet in main shaft; 25 men at 700 feet escaped. Total loss of shaft 
-and wouse, Explosion of a lawp blamed. . 

Brown, R. G. Fire doors for mine shafts. Vol. 57, 1894, p. 332i. 

Fire in Smggler mine at Aspen, Colorado. ‘ol, 65, 18°¢8, p. 75.. Reprint of 
report of company manager. to State mine inspector. Fire of unlmown origin 
started in square sets of stones, but was extinguished by water. 

Wright, L. T. Controlling and ez:tinguisning fires in pyritous mines, Tal. 61, 

‘+ 1906, pp. 171-172. Describes system used in the Iron Mountain mine, 
Shasta County, Calif. 

Stauber,'I. J. Shaft fire in Shattuck mine, Bisbee, arizona. Vol. 85, 1908, 
p. 197... Water and bulkheads. extinguished a fire of uninomm origin. rire 
was spread by insulated cable. | 

Yates, B. C. Fighting fire at the Homestake mine. Vol. 85, 1908, pp. 633-640. 
A scot or fuse ignited the timbers. on 500-foot level on March 25, 1907. 

Mine was flooded and unwatered in 37 days. io fatalities. 

Fire ‘in High Gre mine, Butte. Vol. 91, 1911, p. 190. One man each in this 

mie and an adjoining one was asphyxiated. a | i 

Rice, C. T. Goldfield Consolidated fire equipment. ‘ol. G1, 1911, p. 311-312. 
Since mill fire of April, 1910, mucn money nas been spent on water suoply 
for fighting surface and underground fires. 
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Walker, S. F. Insul:tion of cables in mines. Vol. Sl, 1°11, pp. 476-47°¢, 
Defective cables may start fires, 

Fire in Tonovan-Belmont silver mine, ievada, february, 1911. Yol. v1, 1911, 
p. 798. Fire on 1166- foot level caused neversa, of air current and 
asnuiyiciated 17 men. 

hartford iron mine fire, Michigen. Vol. Sl, L211, pp. 1075 and 1126, 
Describes fire in shaft 2. eter ‘poured Gorn reversed air and aspuysiated 
7 wen. io ladderway in shaft 1. 

Schreiber, Joshua, The fire at Forcupine (Onteeio). Vol, G2, 1£211,-np. 203- 
294. Drevs attention to danger of mines svrropnded by forest and brusn- 

‘ covered land. | 
Fire in Giroux shaft, Nevada. Vol. 92, 1911, p. 469. «n exvolosion at 120¢ 
' feet ignited timbers. Four men were killed coning tnrough the fire on 
ca;e:and two or taree rere aspnyxiated tecause the air current ws re- 
versed by water spray. 

Rice, OC. T. Mining metnods'at Goldfield. Vol. 92, L911, p. 801, I-ispection 
of workings to vrevent accidents and fires. 

Fire in Stevert. mine, Butte. Vol. oP 1913, p. 345. Fire in stones of 
1,500 and 1,700 foot levels. | 

‘Fire -in west Colusa mine, Butte, Vol. 95, 1513, p. 491. Describes an old 
fire or. 60U-foot level. RBulkheads built against adjoining nine, iJo 
fatalities, but some gassing, 

vail, R. &. wew smeltery of United Verde Copzer Co. Vol. 96, 1913, p. We, 
Describes fire zone, ventilating a fire stone, and fighting the fire 
underzround. 

Fire in Pocahontas mine, Joplin district. Vol. 97, 1914, p. 1024. Decomvosi- 
tion of marcasite (an iron sulvhide) igaited timber in caved ground. 
hacninery was removed and water alloted to drown the fire, 

Lay, Dow..las, Fire protection for mills. Vol. 101, 1916, op. 602-503, 
dater system at Van Roi mill, British Columbia, 

Leland, F. hu, Flant fire protection. Vol. 102, 1516, pp. 911-912. 
Maintenance of equipment; fire tovers, 

Jones, william. Fires in mines, Vol. 104, 1917, pp. 176-177. Chemistry and 
paysics of fires. 

Litke, C. a. Standardization of ining hetivodss III.- Ventilation of metal 
fines, Vol. 106, 1618, p. 940. Ventilation may aid fire-figuting. 

Standardization of mining methods: V.- Fire Protection for 
metal mines. Vol. 106, 1918, pp. 1025-1030. Fire rules, fire doors, 
fans and blovers, and escape ways. 4 

Lay, Dov,jlas, rotes on mill fire protection, Vol. 108, 1919, p. 184. 
ee water systems. 

Kigzins, E. kK. Hor shall we yet mining efficiency? Vol. 10S, 1920, po. 1404- 
1405. Fire prevention and protection. | 

Arnold, T. bh. Fan equipment for mnetal-mine bivee: Vol. 111, 1921, woo. 5S0- 
oSl. Describes portable blowers. 

Willer, G. D. Extinguishing wine fires. Vol. 114, 1922, »v. 1150. Use of 
carbon dioxide foam, | 

Duncan, R. J. Difficulties of fighting mine fires. Vol. 114, 1922, »p. 1149- 
1150. sxotes on the Argonaut fire, 
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Harrin.ton, D., Pickard, B. O., and ‘wolflin, H. M,. wMetal-mine fires. Vol. 
114, 1922, pp. 9357-941. “a review of 114 fires costing 533 lives, and 
$2,,ested precautions against fire. 

Royce, Stephen. Fire prevention in Sunday Lake mine. ‘ol. 114, 1922, 
op. $34-935, Water s,stem in an iron mine, 


von Bernewitz, M. i. Reversing ventilating currents during mine fires or ex- 
olosions. Vol, 114, 1922, p. 885, ° Instances where air was and was ‘not 
reversed. a | | | | 


Rickard, T. A. The hazard of fire underground. Vol. 114, 1922, De 884, 
Thouchts arising from the arzonaut fire. 

Brockunier, S. H. Reflections on tke Argonaut fire. Vol. 114, 1s22, pb. 755. 

Eddy, L. Ek. California mine safety organization. Vol. 114, I%22, pp. 754- 
755. Discussion following fire in dargoriaut mine. 

Potter, Ocha, Fire vrotection at Calumet & Kecla. Vol. 114, 1922, p. 754, 
Fire drilis, air signal, and checking men. | 

Rickard, T. A. Mine-fire regulations. | Vol. 115, 1923, p. 524, Review of 
California Industrial Accident Commission orders effective March 15, 1923. 

Tait, W. Jd. Eow fire protection is maintained at Timber Butte mill. vol. 
116, 1923, p. 811. Protection by fire drills with well-maintained 
equipment, : 

Scott, Ww. G., and Mowiirter, S. a. ining ‘under firé conditions. Vol. 116, 
1923, pp. 101- 106. as at the Coronado covver mine, Clifton, Arizona. 

Wooten, Pavl. Mine-rescue cur makes record trip frou Pittsburgh to Timmins, 
Vol. 125, 1938, 0. 343. Couments on the run of U. S. Bureau of ‘dines ‘car 
% to the Hollinger fire in 21 hours, ualf of the regular time, a 

Young, G. J. Mining practice (during 1923). Vol. 117, lg24, sv. 103. 
Note on articles and discussion, i | a | 


Editorials - 


State Senate passed tro bills during Jenuery, 1882, fixing haan for 
settin, fire to mines and mining raat or tempering with safety ' of 
mines.. Vol. 47, 18849, p, 96.. : 

Fires in mine heft. Vol. 92, 1911, Dp. ‘479,° Discusses protection against 

, Surface fires spreading underground. 

Mine fires. . Vol. 94, 1912, p. 369, Considers’ ‘underground fires dnd ‘their 
causes, Unknown causes. may: be paraphraséd, as “"uridebernined ‘carelessness, " 

Candle fires. Vol. 94, 1912, Pe (1204, Refers'to fire in West Stewart copper 
mine, Butte, attributed to a lighted caéndlé left ‘near ‘timber in a raise. 

ow mine fires. are started. , Vol, 96, 1913, p. 1233. Fire in iron mine started 
by liz chting paper and throwing it dowm a chute to see now mci ore was in it, 

General alarm for mine fires, Vol. 97, 1914, p. 873. mecommends ‘that a 

general alarm be sounded or ‘given SO ‘that, all men could be réemaved ‘before 
_ workings :fill with smoke, | 

The automatic spriakler in metal inines, Vol. ‘114, 1922, p. 705, ' Sug. ésts 
that trials-be given., . ;.. ~~ 

Fire nits Korthern Ontario again. vol, “114, 1922, D. 662, ' Extensive surface 
_ fire burns mining properties and. towns. - 7 | | 
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Fire esceoves for mines. Yol. 114, °1£22, D. 573, Loss of life cwused tarowin 
lack: of escave veyse 7. & 

AN eneay of tie winin,: industry. yee 114, 1$22, p. 486. Review of some vad 
fires. | 
Seafegucrdin:. earnings from te fire hazard. Vol. 116, 1923, 9. 25. Incovrence 

covers fire at recle mine, Icano. 

Fire losses in the minin; incustry, Yol. lel, 1926, p. 195. Some fires of - 
1925 - mills. Increzse in insurance retes and svsvension of production. 

The Hollinger fire. ol. 125, 1928,-p. 321. vestions asked - covld trazedy 
have been averted or consequences lessenec; wiet precautions rere t2<en, 
warnin,.s- provided, fire doors vere availzble? 

ore installations of mine-rescue aopnratus needed. Vol. 127, 1929, vo, “87. 
srief history of use of avparatus in United Stites, particularly tue srono- 
tional.york of Bureau of hines and ti:e value of trained crevs in time of 
fires, 

rire loss, Fresident soover directs attention to. Vol. 128, 1929, vo. 535, - 
~RPire risk et winin: camos aud plants; mucy carelessness; production 
ssnenacd. 


nevs Items 


Tveaty-one dead in mine fire «t Futte. Vol. 101, 1616, pn. aoe fire in 
‘Peansylvania coover mine, February 14, 1516. 

Fire hycrant used ct Miami. Yol. 102, 1316, p. 790. For eee protection, 
svinging on 2 universel joint. : 

Fire protection in siafts. “ol. 10%, 1SL7, De lll. ‘ater supply in fire 
zone, so chemical extinzvisners were ugeds. 

Outside rack for fire hose. Vol. 104, 1917, p. 304. 

Air-controlled fire door at Copper Queen mine, Vol. 105, isis, po. 909-560, 

Fire protection of surface plants. Vol. 109, 1920, p. 883. Sprinkler system 
at Zupire gold mine, California. jae | 

Joumittee recommends fire-control measures. Vol, 114, 1922, vp. 914-915. 
Findings of California cormittee. 7 . © 

argonaut jury recommends connections between neighboring properties, Vol. 114, 
1922, vp. 691-652. Result of disaster. of ayeust 8, 1922, wnen 47 jen \ere 
aspiyziated. 

Mine-fire control safety orders - ieaued in California, Vol. llo, 1923, 
pp. 543-549, The complete text. 

dork resused after fire in morning wine at Mullan, Idaho. Vol. 115, 1¢2%, 
p. 333. Fire at 1400 feet asyhyxiated three miners on January 23, 192%, 

Gunite:as a‘ fire preventive, ere 192%, p. 192, Cites tests of U. S. 
Bureau of lines. | 

Fire- consumes Hecla's-surface’ plant. Vol. ‘116, 1923, p. 118. Describes a 
“Fire whieh. resulted. in’ several hundred. thousand dollars worth of aan 
in Idauo;on July 13, 1923. 

A nev nortable 40-gallon foamite fire extinguisuer. Vol. 118, 1924, p. 836. 

Two lose .lives in unusual mine fire at Butte. Vol. 118, 1924, p. 470. 
Gasoline spilled at ‘hoist: set fire to buildinz, headfrane, and snaft. 
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"Helmet" men isolate-new fire in.Cspper Queen wine., Vol. 118, 1924, p. 30&. 
Fire-punn controllers improved oy nenufscturer. Yol. 11°, 1525, p. 1027, 
Notes changes made to meet the National Board of Fire tieeeri tens: re. 
quirements. ‘ 
Construction.of minerfire door.. ¥Vol.,119, 1925, p. 13. «Aa fire was retcrded 
by 2 door of rood and zinc-coéted iron at Plysiouti gold wine, california. 
Fire prevernsen at Butté mines. Vol. ene 1925, p. 986. ‘evier of revort 
of 13. S. =ureat of Mines. 
Lo fire Grills pay? . Vol. 121, 193% De 
mine, Eivbing,: minnesota, Ney ns 192 
An improved fire signal. Vol, 123, 19 
Siren on tire surface, " 
Canadien HKoyel. Couission and mine operators aooroach ecreenent on sefety - 
regulations, Vol. levy, 1928, pp. 6o05-660,. Frocedure on the Hollinger 
fire enquiry, ae 
‘Coroncr's jury, emouesizes.negli;ence of hollinger. executives. Vol. 125, 1928, 
2. 543, The neglizence lay in allowing flezsmable material to be aunmmed a 
Old stopes and in not having all ola stopes cleaned out. 
Follin;er enquiry marked by conflicting evidence. Vol. led, 1928, D. 427, 
The dumping of flammable refuse undergrouns ras known to bosses and others; 
the safcty inspector did not consider tnis in his province. 
Pointers on. precautione against mine fires, Vol. 125, 1925, np. 741. Answer 
to question on safe practices underzgrounc, ... | 
Fire-4as at Hollinger kills 39. Yol, 125, 1925, »p. 308-309. Burning refuse 
in stove above 500-foot level asphyxiates 39 men on February 10, 1928, 
Danger at Hollinger not realized. Vol. 125,.1%28, p. Sdl., Review of tune 
coOmuissioner apvointed to enquire. into this rire which asphyxiated 39 men, 
Ontario malces fire hazard survey... vel. 120, 1928, p. doe. ube. the 
Provincial. Government started. . . Fe od 
Ventilation and mine fires. Yol.:.195,. 1928, Pp. 459, Deductions from. fires in 
Hollinger and hagma mines. Carelessness of worxers; ezcecting insvection; 
placing, of' fire-fighting equipment, in critical places. - % # : 


“O85, affirmed st fire in ‘Utica iron 


Pe) De 
1927, Denes Tells of uss of 2 triple 


- MINING aND. SCIENTIFIC PRESS 

Mine fire protection. Vol. 105, 1912, pp. 171-172. Inquizy by National Fire 
Protection Association and U. S. Bureau of Mines. 

Hutchinson, C. T, Fire insurance on mining property. Vol. 112, 1916, pp. 93%~ 
934. Stresses importance of insurance. - Inventory , depreciation, salvage ,. 7 
adjustment, and. brokers, , 

Shaw, J. J. / Fighting mine fires. Vol. 114, 1917, p. 78, wunébion co? the 
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